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Abstract: 
The discharge of excess nutrients to surface waters is a societal challenge because they cause 
algal blooms and hypoxia, resulting in degraded water quality, reduced and contaminated 
fisheries, threats to potable water supplies, and decreases in tourism, cultural activities, and 
coastal economies. An understanding of the urban contribution to nutrient loading is needed, and, 
more broadly the seasonality in nutrient concentrations and loads needs further analysis since 
algal blooms and hypoxia are seasonal in nature and are most impacted nutrients in runoff during 
spring.  This study quantifies the variation of nutrients in stormwater runoff due to seasonal 
changes from four urban residential sewersheds located in the Clintonville neighborhood of 
Columbus, Ohio.  Stormwater samples were collected using automated samplers during 
stormflow and analyzed for pollutants, including dissolved and particulate nutrients. Total 
nitrogen concentrations were significantly (a = 0.05) higher in the spring when compared to the 
summer and fall. Significant seasonal variations in total phosphorus (TP) concentrations were 
observed at three of the four sewersheds, with fall and spring concentrations greater than those in 
summer. Among the ten highest total suspended solids (TSS) concentrations observed from 
September 2016 to December 2018, seven occurred in the spring, two during the summer, and 
one in the fall. Causes for seasonality include fertilizer application in the spring, sodic soils 
following winter deicing salt applications, and the breakdown of vegetation in the autumn. Since 
seasonality of concentrations, but not loads was observed, future research efforts should to be 
focused on not only understanding how urban concentrations and loads impact algal blooms, but 
also developing improved management of landscapes and stormwater during critical 
periods.  Improved designs for stormwater control measures will help to abate pollutants in 
stormwater runoff from urban areas, improving the quality of surface waters worldwide. 
Keywords:  
Seasonal variation, nutrients, sewersheds, water quality, emerging contaminants 
Literature Review: 
Throughout the world, a water quality crisis has arisen because anthropogenic nutrients threaten 
reservoirs used as drinking water sources (Conley et al 2009, Michalak et al 2013) reduced and 
contaminated fisheries (Bukaveckas et al. 2017, Witusynski et al. 2017), and decreases in 
tourism, cultural activities, and coastal economies (Wolf et al. 2017, Watson et al. 2016). 
Nutrients, such as nitrogen and phosphorus, are conveyed by stormwater runoff from urban, 
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suburban, and rural areas into aquatic environments (Toor et al 2008). Excess nutrients cause 
eutrophication, where nitrogen and phosphorus fuel rapid algal growth (Xu et al 2014), leading 
to fish kills and toxic algal blooms which can pose a public health threat (Line et al 2002, 
Grattan et al 2016).  In 2014, the City of Toledo, Ohio, had their supply of drinking water 
interrupted for three days by a harmful algal bloom in Lake Erie (Dolan 2014). Sources of 
nutrients to surface waters include anthropogenic origins such as fertilizer application (Long et al 
2014) and industrial effluents (Li et al 2014), and natural causes, such as atmospheric deposition 
and biological processes including the breakdown of leaf detritus into organic and aqueous forms 
of nitrogen (Kim et al 2010). 
The volume and rate of stormwater runoff increases as impervious surfaces are constructed 
during urban development, which degrades receiving waters (Walsh et al 2005). The increased 
runoff delivers elevated nutrient loads as land is converted to agricultural or urban uses (Line and 
White 2015). In addition to fertilizer, sewage, atmospheric deposition, combustion processes, 
and phosphorus detergents are key nutrient sources in urban areas (Long et al. 2014, Kim et al. 
2010, Jordan et al. 2012). Various management strategies are available for abatement of nutrients 
in the urban environment, including gray infrastructure, green infrastructure, or a combination of 
the two (Dong et al 2017). Gray infrastructure efficiently transports stormwater using a network 
of drains, pipes, and open channels. Green infrastructure aims to treat stormwater at its source 
using natural processes to mimic pre-development watershed function (Miles and Band 2015).  
Cities across the U.S. are adopting a combination of these strategies as optimal to (1) prevent 
flooding of structures and promote public safety, and (2) treat various pollutants and reduce 
runoff volume from frequently-occurring rainfall events. Green infrastructure mitigates the 
impacts of impervious surface hydrology and associated pollutant loads by using stormwater 
control measures (SCM) such as bioretention (Hsieh et al 2007), permeable pavements (Drake et 
al 2014), and green roofs (Zhang et al 2015). 
Previous studies have observed seasonality of pollutants due to anthropogenic sources, such as 
nitrogen concentrations and loads increasing in the spring coinciding with fertilizer application 
(Schilling and Streeter 2018, Long et al 2014). Other studies focus on natural seasonal trends, 
such as the rainy season generating more runoff and therefore an elevated phosphorus load (Toor 
et al 2008, Fan et al 2012).  Seasonality has also been observed in SCM water quality and 
hydraulic performance, particularly for biologically-mediated processes which fluctuate with air 
temperature (Winston et al. 2016; Blecken et al. 2011; Emerson and Traver 2008).  Since algal 
blooms are primarily driven by spring nutrient loading (Gildow et al 2016), it is critical to 
understand whether urban nutrient loading is seasonal in nature.  These analyses could also 
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inform optimization of SCM design to account for seasonality, thereby reducing nutrient loads to 
surface waters. 
Additional data are needed across a variety of land uses, including urban and agricultural 
watersheds, to elucidate nutrient sources and optimize resource allocation for treatment of 
nutrients (Long et al 2014). The present study reviews data collected from four urban, primarily 
residential sewersheds in Columbus, Ohio, USA. By analyzing the seasonal norms of nitrogen 
and phosphorus runoff in an urban watershed, researchers can discover which seasons release the 
most nutrients and subsequently optimize both source control and SCM countermeasures. 
Furthermore, policymakers can utilize these trends to devise more effective approaches in 
preventing eutrophication. 
This study aims to: (1) describe the seasonal variation of nutrient concentrations and loads in 
stormwater runoff in four residential sewersheds and (2) identify potential causes of seasonality.  
Site Description: 
Four sewersheds in the Clintonville neighborhood of Columbus, Ohio were monitored for storm 
event runoff quality during 2016-2018: Beechwold, Blenheim, Cooke-Glenmont, and Indian 
Springs (Figure 1, Table 1). A glacial ravine runs east to west through study area, denoted by the 
forested area in Figure 1, eventually conveying water into the Olentangy River. Clintonville is 
drained with a system of separated storm sewers that outlet into the Olentangy River. The soils in 
the sewersheds are primarily silt loams in the Cardington and Bennington soil series (Soil Survey 
Staff 2019).  Stormwater discharge from each of the four sewersheds was monitored at outfall 
locations (Figure 1) by automated, flow-weighted samplers to collect water quality information 
for this study. The sewershed boundaries, the extent of the sewer, sewer outfall locations, and 
land use of the four sewersheds is shown in Figure 1. 
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Figure 1: A map of the Clintonville neighborhood of Columbus, Ohio, showing the four monitored sewersheds, the sewer 
network, outfalls, and sewershed land use.   
 
 6 
 
Aside from commercial districts along the major road corridor, Clintonville is primarily comprised of residential neighborhoods, 
namely small lot, single-family homes (Figure 1, Table 1). The Cooke-Glenmont sewershed in made up entirely of residential land 
use. Beechwold and Blenheim were 95.7% and 88.6% residential, respectively, but also contain small amount of commercial and 
institutional land uses. In this context, institutional areas, including schools, libraries, and community centers. Indian Springs was 75% 
residential, 7.6% commercial, and 17.4% institutional land uses. Imperviousness within the four monitored sewersheds ranged from a 
minimum of 30.9% (Cooke-Glenmont) to a maximum of 44.6% (Blenheim). The Beechwold sewershed, which served as a control for 
the experiment, was representative of a moderate amount of imperviousness (38.2%) in Clintonville.  Roofs (range of 12.5% to 16.7% 
of the total sewershed areas), roads (range of 8.6% to 11.0% of the total sewershed areas), and driveways (range of 6.4% to 9.9% of 
the total sewershed areas) represented the vast majority of the imperviousness in all four sewersheds. Pervious areas were primarily 
residential yards and sporting fields; very few undisturbed natural or forested areas existed outside the ravine.  
 
 
 
 
Table 1: Sewershed Area and Land Use  
Sewershed Area (ac) 
Land Use (ac) 
  
Land Use (%) 
  Imperviousness (% of total area) Residential Commercial Institutional Residential Commercial Institutional 
Beechwold 275.5 263.6 10 2  95.7 3.6 0.7  38.2 
Blenheim 151.4 134.2 7.4 9.9  88.6 4.9 6.5  44.5 
Cooke-Glenmont 28.5 28.5 0 0  100 0 0  30.9 
Indian Springs 118 89.3 9 20.5  75 7.6 17.4  40.3 
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Materials and Methods: 
Data Collection 
An integrated instrumentation network was used to collect water samples and quantify changes 
in stormwater flow and quality. Each of the four sites included a sample intake and an area 
velocity meter (Figure 2a), an ISCO automated sampler (Figure 2b), and a tipping bucket and 
manual rain gauge (Figure 2c). Area-velocity sensors were installed in each sewer outfall and 
measured water level and velocity in the culvert on a 1-minute interval. A tipping bucket and a 
manual rain gauge was installed in each sewershed to quantify localized rainfall. Stormwater 
samples were collected using ISCO automated samplers during baseflow and stormflow. 
Samples were thoroughly mixed using a compositing bottle (Figure 2d).  
 
Laboratory Methods 
Samples were delivered to the laboratory for analysis of water quality variables, including 
dissolved and particulate nutrients. After thorough compositing, samples were divided among 
various bottles: a 500 mL pre-acidified plastic bottle for total ammoniacal nitrogen (TAN, e.g., 
the amount of ammonia in a sample), total Kjeldahl nitrogen (TKN), and nitrite (NO2) analysis, a 
500 mL pre-acidified bottle for alkalinity, nitrate (NO3), and total suspended solids (TSS) 
analysis, and a 50mL bottle (following field filtration through a Whatman Puradisc 0.45 µm 
filter) for orthophosphate (OP) analysis. 
All water quality samples were placed immediately on ice and chilled to less than 4˚C for transit 
to the laboratory located approximately 10 miles from the sampling sites. Total nitrogen (TN) 
was calculated as TKN + NO2 + NO3, and organic nitrogen (ON) was calculated as TKN-TAN.  
Nitrate-nitrate (NO2-3) concentrations were calculated by summing nitrate and nitrite 
concentrations for each sampled event.  Samples were analyzed using either U.S. EPA (1983) or 
American Public Health Association (APHA et al. 2012) methods. 
Figure 2c: Tipping 
bucket and manual 
rain gauge 
Figure 2a: Sample intake 
(plastic) and area velocity 
meter (black) 
Figure 2d: Compositing 
bottle (large) and other 
bottles used for sampling 
Figure 2b: ISCO automated 
sampler 
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Data Analysis 
The rainfall, runoff hydrology, and water quality data sets utilized in this work were collected 
from September 2016 to December 2018. This study bases the seasons on the solstices and 
equinoxes, considering March through mid-June to be spring, mid-June through mid-September 
to be summer, and mid-September through December to be fall. Because Ohio has a cold 
climate, precipitation is primarily snow and temperatures dip well below freezing in winter. 
Therefore, sampling equipment was placed in storage for the winter from mid-December through 
mid-March.  Thus, this study will focus on the quality of stormwater runoff in spring, summer, 
and fall. 
Pollutant loads at each monitoring location were determined as the product of pollutant event 
mean concentration (EMC) and runoff volume on a storm-by-storm basis.  Pollutant loads were 
reported on a sewershed area-normalized basis: 
! = 1 × 10&' × ()*×+,-.                                                         (1) 
where L is pollutant load (kg/ha), EMC is the event mean concentration (mg/L), V is the runoff 
volume (L) measured after discounting baseflow, AWS is the sewershed area (ha), and the 
constant (10&') converts milligrams to kilograms.   
Two substantial outliers were removed from the nitrate data set, thus affecting the results for 
total nitrogen as well.  On November 1, 2017 at Beechwold and May 21, 2017 at Cooke-
Glenmont, nitrate concentrations of 850 and 780 mg/L, respectively, were reported by the water 
quality laboratory.  These concentrations were 2 orders of magnitude higher than the next highest 
nitrate concentration (8.2 mg/L), and indicate that there was either an error in sample handling or 
laboratory analysis.  Therefore, these two concentrations were not removed from the analysis 
that follows.  All other concentrations, across all pollutants and sewersheds, were included in the 
analysis as reported by the laboratory. 
For pollutant concentrations below the detection limit, a value of one-half the detection limit was 
substituted for EMCs (Antweiler and Taylor 2008).  Seasonality of pollutant concentrations and 
loads within each sewershed was tested for water quality characteristics using the Kruskal-Wallis 
k-sample omnibus test (Kruskal and Wallis 1952). When this test was significant, Dunn’s test 
with a Bonferroni correction (Higgins 2004) was used for multiple comparisons. A criterion of 
95% confidence (α=0.05) was utilized for this research.  
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Exceedance probability and boxplots were constructed for each type of pollutant sampled, 
differentiating each season and each sewershed. Boxplots have lettering to shows when the 
differences are statistically significant. Within the exceedance probabilities plot for sediment, the 
top ten storms and the top 25th percentile of storms were grouped respectively. All data analysis 
and figure preparation was completed using R statistical software version 3.5.1 (R Core Team, 
2018). 
Results and Discussion: 
Significant seasonality was observed for peak rainfall intensity, average rainfall intensity, and 
rainfall duration in each sewershed (Table 2). For each sewershed, peak rainfall intensity and 
average rainfall intensity was significantly higher in the summer than both the spring and the fall.  
Table 2: Summary of statistical significance for seasonality of rainfall. 
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Median nitrogen concentrations were significantly higher in the spring than both the summer and 
fall for every form of nitrogen analyzed in this study. Median and mean phosphorus 
concentrations were similar in the spring and the fall, which were both greater than the summer. 
TSS concentrations had the highest mean concentration in the spring (74.5 mg/L), followed by 
summer (56.5 mg/L) and fall (34.0 mg/L). A summary of statistics performed on the 
concentrations for each pollutant and season can be found in Table 3. 
Table 3: Summary of statistics for concentrations (mg/L) for each pollutant and season 
Pollutant 
Season 
Spring Summer Fall 
TKN    
Median 1.300 0.980 0.895 
Mean+/-SD 1.72+/-1.14 1.33+/-1.57 1.09+/-0.767 
Nitrate    
Median 1.000 0.700 0.730 
Mean+/-SD 1.17+/-1.14 0.791+/-0.378 0.815+/-0.673 
Nitrite    
Median 0.039 0.031 0.029 
Mean+/-SD 0.0433+/-0.044 0.0562+/-0.154 0.0277+/-0.0152 
NO2-3    
Median 1.003 0.728 0.744 
Mean+/-SD 1.22+/-1.14 0.847+/-0.365 0.842+/-0.673 
TN    
Median 2.188 1.498 1.553 
Mean+/-SD 2.54+/-1.56 1.82+/-1.63 1.67+/-0.964 
TAN    
Median 0.175 0.061 0.064 
Mean+/-SD 0.212+/-0.176 0.25+/-0.911 0.191+/-0.254 
ON    
Median 0.160 0.845 0.805 
Mean+/-SD 0.263+/-0.33 1.17+/-1.37 0.963+/-0.739 
OP    
Median 0.120 0.106 0.120 
Mean+/-SD 0.118+/-0.0337 0.111+/-0.0711 0.141+/-0.0812 
TP    
Median 0.220 0.150 0.230 
Mean+/-SD 0.316+/-0.313 0.221+/-0.27 0.266+/-0.148 
TSS    
Median 74.500 56.500 34.000 
Mean+/-SD 158+/-221 88.8+/-91.5 79.5+/-226 
 
 11 
Median nitrogen loads were higher in the spring than both the summer and fall for five of the six 
nitrogen forms analyzed in this study. Total phosphorus loads were similar in the spring and the 
fall, which were both greater than the summer. TSS loads had the highest mean load in the spring 
(3.128 kg/ha/yr), followed by summer (1.959 kg/ha/yr) and fall (1.551 kg/ha/yr). A summary of 
statistics performed on the concentrations for each pollutant and season can be found in Table 4. 
 
Table 4: Summary of statistics for loads (kg/ha/) for each pollutant and season 2016-2018. 
Pollutant 
Season 
Spring Summer Fall 
TKN    
Median 0.051 0.041 0.034 
Mean+/-SD 0.11+/-0.154 0.0846+/-0.116 0.0562+/-0.0657 
Nitrate    
Median 0.042 0.027 0.022 
Mean+/-SD 0.0834+/-0.104 0.0664+/-0.121 0.0529+/-0.069 
Nitrite    
Median 0.001 0.001 0.001 
Mean+/-SD 0.00212+/-0.00346 0.00274+/-0.00469 0.00144+/-0.00171 
NO2-3    
Median 0.045 0.029 0.024 
Mean+/-SD 0.0855+/-0.104 0.0691+/-0.122 0.0543+/-0.07 
TN    
Median 0.076 0.050 0.059 
Mean+/-SD 0.163+/-0.219 0.126+/-0.177 0.0954+/-0.114 
TAN    
Median 0.006 0.002 0.003 
Mean+/-SD 0.00947+/-0.0128 0.00772+/-0.0139 0.00808+/-0.0127 
ON    
Median 0.048 0.037 0.034 
Mean+/-SD 0.103+/-0.146 0.0767+/-0.11 0.0525+/-0.0619 
OP    
Median 0.004 0.003 0.004 
Mean+/-SD 0.00995+/-0.0129 0.00942+/-0.0144 0.00649+/-0.00797 
TP    
Median 0.009 0.005 0.010 
Mean+/-SD 0.018+/-0.0267 0.0163+/-0.0289 0.0146+/-0.0153 
TSS    
Median 3.128 1.959 1.551 
Mean+/-SD 11.2+/-24.8 6.65+/-13.8 4.02+/-6.83 
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Nitrogen Concentrations: 
Significantly different seasonal concentrations of total nitrogen were observed in all four 
sewersheds (Figure 3).  In all cases, spring total nitrogen concentration was greater than summer 
and fall. Seasonal trends of total nitrogen suggest they are related to commercial fertilizer use 
because fertilizers are used in the spring (Bannerman et al. 1993). Yang and Toor (2017) found 
fertilizer to be the second most common source of total nitrogen in a residential sewershed 
behind atmospheric deposition. 
 
 
 
Sources of TKN and TAN include organic material (both particulate and dissolved), animal 
wastes, and atmospheric deposition. TKN concentration was significantly higher in spring when 
compared to fall at Beechwold, Blenheim, and Indian Springs. TAN was significantly higher in 
spring when compared to both summer and fall at Cooke-Glenmont. 
Organic nitrogen is preferentially bound to particulate matter, making it easier to treat using 
SCMs. As seen in Figure 4, the concentration of organic nitrogen is at least twice the 
concentration of inorganic nitrogen for nearly every sewershed and season. This trait makes the 
Clintonville neighborhood a good candidate for green infrastructure.  
Figure 3: Total nitrogen concentration boxplot for each sewershed and season. Spring is significantly higher than 
summer and fall for all four sewersheds. 
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Phosphorus Concentrations: 
Sources of phosphorus in residential watersheds include erosion, which mobilizes phosphorus-
rich sediments, atmospheric deposition, human and animal wastes, relic Phosphorus in soil from 
fertilizers, and starter fertilizer (P was eliminated from commercially available lawn fertilizer in 
2013). 
Significant orthophosphate (OP) seasonality was only observed at Cooke-Glenmont, where 
significantly higher concentrations were observed in spring and summer than fall. This perhaps is 
related to seasonal growth of turfgrass in the summer, where bare areas in lawns are still present 
in spring as grass is beginning to come out of dormancy. In Minnesota, phosphorus contributions 
from leaf matter in residential areas during fall represented up to 60% (excluding winter) of the 
annual Phosphorus yield (Selbig 2016); given that Cooke-Glenmont has the lowest level of 
imperviousness (Table 1) of any sewershed, this could be a substantial contributor to the 
seasonality of TP. 
Dissolved reactive phosphorus is an important contributor to algal blooms. As seen in Figure 5, 
dissolved reactive phosphorus (DRP) contributes about 50% of the total phosphorus (TP) for 
most of the sewersheds and seasons in Clintonville. Although many studies focus on the 
a 
a 
a 
a a 
a 
a a a 
a 
a 
a 
B B 
B 
B 
A 
A A 
A A A 
B B 
Figure 4: Median organic versus inorganic nitrogen concentration for each sewershed and season. Capital letters 
show the statistical differences among seasons for organic nitrogen. Lowercase letters show the statistical 
differences among seasons for inorganic nitrogen. Organic nitrogen is preferentially bound to particulate matter, 
making it easier to treat with stormwater control measures. 
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agricultural contributions to algal blooms (Scavia et al 2016), urban contributions to 
eutrophication can be relevant depending on the land use of the upstream watershed. 
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A A A A A 
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a 
b 
b 
a a 
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a 
a 
a 
a a 
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Figure 5: Median dissolved reactive phosphorus (OP) versus total phosphorus (TP) concentration for each 
sewershed and season. Capital letters show the statistical differences among seasons for organic nitrogen. 
Lowercase letters show the statistical differences among seasons for inorganic nitrogen. Dissolved reactive 
phosphorus contributes about 50% of the total phosphorus for sewersheds in Clintonville. 
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Total Suspended Solids Concentrations: 
Sources of sediment in residential watersheds include soil erosion, bed and bank erosion in 
streams, construction site runoff, wearing of pavement materials, and atmospheric deposition 
(Morgan et al. 2017). Significant seasonality of TSS concentrations was observed in Beechwold, 
Blenheim, and Cooke-Glenmont, where concentrations in spring and summer were significantly 
greater than fall (Figure 6). Perhaps this seasonal trend is due to dormant grass and bare patches 
in lawns in early spring, causing more solids are carried by stormwater runoff. 
 
 
Of the highest 10 observed TSS concentrations across the four sewersheds, 7 occurred during the 
spring, 2 during the summer, and one in the fall (Figure 7). Looking at the upper 25th percentile 
of total suspended solids concentrations, 46.7% occurred in spring, 35% in summer, and 18.3% 
in the fall. Two substantial TSS outliers were observed: (1) 1400 mg/L at Indian Springs on 
March 26, 2017, and (2) 2000 mg/L at Beechwold on October 7, 2017.  Both of these events 
were greater than 1.3 inches in rainfall depth and had extreme rainfall intensities, driving the 
suspension of particulate matter (Garafalo et al. 2014).  The Indian Springs event had a peak 5-
minute rainfall intensity of 3.54 in/hr, the maximum observed for any sampled event at this site. 
 
a a a a a a a a a b b b 
Figure 6: Total suspended solids concentration boxplot for each sewershed and 
season. Spring and summer were significantly higher than fall for three of the four 
sewersheds. 
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Another possible explanation for high TSS concentrations in the springtime is the soil chemistry. 
In the cold winter months, deicing salts are spread on roadways to melt ice. Salty 
runoff/meltwater interacts with roadside soils, causing elevation of the sodium adsorption ratio 
and exchangeable sodium percentage of the soil. This results in deflocculation, mobilization of 
sediment, and subsequent transport of metals bound to the sediment. This effect has also been 
observed in the subgrade soils beneath a permeable pavement in northeast Ohio (Winston et al 
2016). (Vaishali and Punita 2013), Helmreich et al. (2010), and Westerlund and Viklander 
(2006), who showed that pollutant loads, and concentrations were considerably higher during 
and immediately following winter than during warm seasons in cold climates. 
 
 
 
 
 
Figure 7: Total Suspended Solids exceedance probability plot for each sewershed and season. 
Among the top ten TSS concentration events, 7 occurred in spring, 2 occurred in summer, and 1 
occurred in fall. In the top 25th percentile, 45.8% occurred in spring, 35.6% occurred in 
summer, and 18.6% occurred in fall. 
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Loads: 
Although seasonality was present in nutrient and sediment concentrations, no significant 
seasonality was observed in any species of nutrient loads except for TAN (Figure 8) at Blenheim 
and Organic Nitrogen (Figure 9) at Cooke-Glenmont. These were greater during the spring than 
summer and fall, and greater during the spring and summer than fall. Similarly, median 
watershed area-normalized loads of pollutants in stormwater in Minneapolis-Saint Paul were 
often highest in spring and lowest in fall (Brezonik and Stadelmann 2002). 
 
 
 
 
Figure 8: TAN load boxplot for each sewershed and season. No significant seasonality was observed 
except for spring being significantly higher than summer and fall for the Blenheim sewershed 
 
Figure 9: Organic Nitrogen load boxplot for each sewershed and season. No significant 
seasonality was observed except for spring and summer being significantly higher than 
fall for the Cooke-Glenmont sewershed 
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The peak rainfall intensity and average rainfall intensity was significantly higher in the summer 
than both the spring and the fall (Table 2). Although concentrations were significantly higher in 
spring over summer and fall for nitrogen (Figure 3), spring over summer and fall for TSS 
(Figures 6 and 7), and fall and summer over spring for phosphorus (Figure 17), loads only 
showed two cases of significant seasonality. Loads are calculated as the product of event mean 
concentration and storm depth. The contributions of rainfall depth overpower the seasonality of 
concentrations, making the loads not have significant seasonality in most cases (Figure 10). 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Total phosphorus load boxplot for each sewershed and season. No significant seasonality was 
observed for total phosphorus load.  
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Summary and Conclusions: 
Stormwater samples were collected from four sewersheds in Clintonville, Ohio from May 2016 
to December 2018, and analyzed to determine the seasonality of nutrient concentrations and 
loads. The following conclusions can be drawn from this study: 
1. Nitrate and nitrite concentrations were significantly higher in the spring than the summer 
and fall. This is likely due to the seasonal springtime application of commercial 
fertilizers. 
2. The concentration of organic nitrogen was more than twice the concentration of inorganic 
nitrogen for nearly every sewershed and season. Organic nitrogen is particulate bound 
and can be treated by SCMs. 
3. Dissolved reactive phosphorus contributes nearly half of the total phosphorus 
concentrations. Urban runoff must not be overlooked when addressing seasonal algal 
blooms. 
4. Total suspended solid concentrations were greater in the spring compared to summer and 
fall. Plants are not fully established and solid are sodic in the springtime. 
5. Nutrient loads did not vary much seasonally. 
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Appendix A: Concentration Boxplots 
 
 
 
 
 
 
 
Figure 11: TKN concentration boxplot for each sewershed and season 
 
Figure 12: NO23 concentration boxplot for each sewershed and season 
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Figure 13: TN concentration boxplot for each sewershed and season 
 
Figure 14: TAN concentration boxplot for each sewershed and season 
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Figure 15: ON concentration boxplot for each sewershed and season 
 
Figure 16: OP concentration boxplot for each sewershed and season 
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Figure 17: TP concentration boxplot for each sewershed and season 
 
Figure 18: TSS concentration boxplot for each sewershed and season 
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Appendix B: Load Boxplots 
 
 
 
 
 
 
 
Figure 19: TKN load boxplot for each sewershed and season 
 
Figure 20: NO23 load boxplot for each sewershed and season 
 
N
O
23
 
 29 
 
 
 
 
 
 
Figure 21: TN load boxplot for each sewershed and season 
 
Figure 22: TAN load boxplot for each sewershed and season 
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Figure 23: ON load boxplot for each sewershed and season 
 
Figure 24: OP load boxplot for each sewershed and season 
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Figure 25: TP load boxplot for each sewershed and season 
 
Figure 26: TSS load boxplot for each sewershed and season 
 
 32 
Appendix C: Concentration Exceedance Probabilities 
 
 
 
 
 
Figure 27: TKN concentration exceedance probability plot for each sewershed and season 
  
 
Figure 28: NO23 concentration exceedance probability plot for each sewershed and season 
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Figure 29: TN concentration exceedance probability plot for each sewershed and season 
  
 
Figure 30: TAN concentration exceedance probability plot for each sewershed and season 
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Figure 31: ON concentration exceedance probability plot for each sewershed and season 
  
 
Figure 32: OP concentration exceedance probability plot for each sewershed and season 
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Figure 33: TP concentration exceedance probability plot for each sewershed and season 
  
 
Figure 34: TSS concentration exceedance probability plot for each sewershed and season 
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Appendix D: Load Exceedance Probabilities 
 
 
 
 
 
 
 
 
 
Figure 35: TKN load exceedance probability plot for each sewershed and season 
  
 
Figure 36: NO23 load exceedance probability plot for each sewershed and season 
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Figure 37: TN load exceedance probability plot for each sewershed and season 
  
 
Figure 38: TAN load exceedance probability plot for each sewershed and season 
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Figure 39: ON load exceedance probability plot for each sewershed and season 
  
 
Figure 40: OP load exceedance probability plot for each sewershed and season 
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Figure 41: TP load exceedance probability plot for each sewershed and season 
  
 
Figure 42: TSS load exceedance probability plot for each sewershed and season 
  
 
